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(57) A highly reliable rechargeable oanery comprise 
ing an anode, fa separator, a cathode, an electrolyte or 
an etaotrotyte Solution, and a hous-no,. characterized in 
that said anod]9 is structured to have a size which fe 
greater than that of sa« cathode. The rechargeable bet- 
1ary provides in increased energy density and has a 



prolonged charging and discharging cycto life, in which 
a dendrite causing a reduction h the battery perform- 
ance, which is generated upon operating charging In the 
conventional rechargeable battery, is effectively pro- 
vented from generating or from growing in the case 
where it Bhould bo generated. 
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lithium banorii 
freeze 



15 Related Bad 



Ind fcnr™ ^ ^' P^tary. m * P^nt invention relates to Improved roetarMbto 
' iyote life) ^ P9rtOC,0f ,&n *' and has a proton 9 Bd «■ (that Is, a prolonged charojhg 



In recent 
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In the case 
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gae in theafc "ijhfc 
anon from furtfUi 
so rne countries, 



ffiS n9 ^ ffia ^ rthtoBa ^^^^^^ n ^ S9eflertdU9,oar ' of amphoric 



^Srr^rT^- r^T"*" * a ,oss " ,U81 ra « 5re *> mad * 0031 « P«^um to be 
sr generation fr> order© comply with a societal demand for Increased power sucolv has been con- 

Z^S - , ^T 9 P" 8 " 0 ™" 0 "- order toprevew said earth-warmlng phenom- 
develop^, there B a tendency c* prohibiting to nevrfy establlah a steam-power generator iplant ii 



Under this tin jumelanca, 



powers 



» nllQjM; 



If are I 



lively utlltee fhJ 
unused In the _ 
is supplied in thje 
load therefor 

Bythflwayi' 
eneroy density Itoj 
hydrocarbon, aip 
iature, litftwayht, ... 
small personal oor v 

Assuehre<W 
cafatlon compoinc 

oflhepreaanttiiW 
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Art 



* ef9 K ^ t»an made a prcpoaal of conducting socalled load leveling In order to efre* 
rhi? a ™ ' batteries are Installed at general nouses and a surplus power 

:iJS^^^ ^P«J«r is stored ii said recihargaable batteries and the power thus stored 
daytme whan the power demand Is increased, whereby the power generator Is bveled fn terms of the 



* 8 r 

Imp row 
sjoftsn 



nn ^^^!^ ^ ta !^ mdnd * ^Mig a lightweighl rechargeable battery win a high 
, Jk i "* ^ 1ICh ** 9 no * e * aus ' an * alr IPOOlutfng eubetanee «voh as CO., NOl, SO., 
n he fike. Other then this demand, there are another increased societal demand tor devetopiiga mh 
- high performance rechargeable battery usable ae a power source for potable instruments such as 
outers, word processors, video cameras, and pocket telephones. 

rgeabtel bailey, there has been proposed a racking chair type lithium ion call In which a lithium Inler- 
T an r°^, aCtiVe a cathode active material. However, as 

S^ZZ™! ^ * PfBdlcaJfy usable lithium fen battery having a evffaemty high anargy density, 
l*cuW be attanedtyuetng a metallic rrthium^^ 

intan has now focueed on the rechargeable lithium battery in which metallic lithium ie used as an 
e present bme^hare has not yet attained a practically usable, high capacity rechargeable lithium 
vod energy density. Particularly, as for the known rechargeable lithium battery, there is a problem 

wherem such deposition of lithium In a dendritic statu results in causing internal snorts or eelf-db- 
> reas»rs why ajchpractlcaiy usable, high capacity rechargeable tlfcium battery as above described 
nthLed n * mm capabl ° 01 Pweraing-tha occurrence of the above dendritic lithium 

when the above lithium dendrite should be bnce formed, the dendrite b liable to oradualV 
resullng ncauslng irrlemal shorts between the ancrfe and the cathode. When the awde is ttemadlv 
i^eaeabovedescribod, the energy poesaesed by ,he battery is shorty consumed at the Internally 
( mail problems such thai the battery is heated or the solvent of the electrolyte Is decomposed by 

•II I ^I 1 """ 9 rabln9 1h9 ,nrwr pr8SEUre 01 mb 11x359 problems result In damaging 
b^eryor/artdshiweningtheBtethiieofihebattBiy, B ^ 
propoeed a manner of using a lithium alloy eucn as llihium-alumlnum alloy as the anode for a 
battery m cder to suppress the reactivity of the lithium so that a lithium dendrite is hardly gtmrated 
m preventing the genaratencf the lithium dendrfte.but Is not effect in attaining a reusable 
^ a high energy density and which is long enough in cycle nte. 
JapjanMB Unexamined Patent Publication No. 1 3264/1 gee (hereinafter referred to as document i ) No 
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cat lode t 



PAGE 32/63 ' RCVD AT 12(1912006 4:57:18 PM [Eastern Standard Tie] " SVR:USPT0*EFXRF-6/44 ' DNIS:2738300 ' CSI0:612455O801 ' DURATION (mnvss):10«22 



12/19/2006 15:40 612-455-3801 



HSMU P.C. 



PAGE 33/63 



40. 



47381/1 
a non-aqueoils 
Addition^ffy, 
discloses a ntin-i 
5 a sintered boJfy 
and a rtegatJvis 
Further, Ja, 
ctoees a non-aq. 
having powdflly 
W theBurfao9thbr< 
Further h|a 
6) cflscbsss a 
with etching tn 
Howavar, 
1 * charghgand 
ihe battery pei 
In ordar tol 
eudh that they a/e 
the problem tela 
» ar> extent that {is 
Such probjafT 
able nfcXeNzini 
ihat In any ol.trjn 



EPD690 520A1 

ft Japan sae Unexamined Patent Publication No 1 14057/1 BBS iftoJZta ZZ' ^ , w 
■ xjuooua eertse rocharooahla bMta™ r^lhT „ ^ " (hereinafter referred lo as document 4) 

ht^fTT m 1P ^ 3nCde 18 °* S "' U,ed ^ ^bermade |Hhi«n metal, 
\« ' tem * an """Wilto ««V0«n«J with said lithium metal) uniformly deposited on 
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SUMMARY Of- T IF INy^fJpnKj 



^gggSiSm a2. 62W* 7 (I SSS) (hereinafter referred to aa document 
^^n.umbatroiylnwhfchthean^^^ 



^n—!?"* 1 " ^H* leS dlaCl ° Md h •» 1 to 6 la etill problems * that when the 

jripg**" *«P**al (eve,, the (^CfadertrtefeoftencoeumrttodetelJiS 

fc^JT' "T b8 Cen4,d * ed aTOWn ^ r "h-*" *■ anooeandcathode are arranged 

. * X e ^ i ° rfKCha ^ ■ nd to be remark^ shortened S 

tfwteflhanlhat m the case where the anode comprised of carton Is used 

h S^!* "'I! 8 *" 9 rBChar9eabie banerl98 15 ,aWe te «*» also m the conventional recharge- 
»""»V9«n (« zhic«ir) batteries and rechargeable brt^lne-xliw batterlee Jh 
m 0 battertee, when the anode and cathode are arranged such thai they are closely opposed to eftfi 
separator, the charging and dlachargfng cycfB lite le liable lo remarkably ehorten 

^^^ d T 1 nd ^ PrWteiW,0 ' anlmprwod ' ralfeffaMcondarycel which is high 
or charge energy density) and long enough in charging and dlscharghg eyde life. 



bertiL^iffc,^ ^^!L i, T ,i0n 18 to ° liminaW "» tore 90ln8 probleme found in the known rechargeable 
batteries and td> wide an Improved rechargeable which is free of wen problems 

a nd£^3!te a S r9 ri lnVa ? tlen . 19 * pwWe fl " m reteW9 Chargeable which is high In energy density 
and long enough ih cycle life (that la, charging and dtecharojng cycle). 

* 1^"$" * « * 8 invantiwi fe to provide a rechargeable battery havhg an improved anode structured 
which ''^^^hrtadendriteeven when the chargingand barging are alternately repeated overa tang pwbd 

wh* ^ Iw^k^*..!!! hvontkxi 'e to prdvkie a highly relbble rechargeable batteiy having a Gimple structure 

* , -l^Ju* ' handlWl an * ^ bQ P roduo8d * ^ «™entional technique 

ducad without alva nation in terms of the bettery. perrormerca mass-pro 

, *«!|!!!£Xi![^ baneryccmprlelnfl an anode 

(o^negat^eeledrodex a separator, a cathode (or a positive efadrode). an electrolyte or an electrode solution, and 

^f^T^ lnlhat8aid M « to have a eizB which fa large, than matTe^ShodT S 

rechargeable baits y being high In eneroy dens»y and.havfng a prolonged cycle life 

^J^tf ? T"^ ^ P T W '? Ven,i0n to »* rari *» a ^-B^ble baitev comprfehg an anode, a separator, a 
cathode, anelari.ro yte or an electrolyte S0 (ution. anda housing, etandarized in ft* laid anode or/srd aaU cathode 

n energy density and having a prolonged cycle life. ^ 

niri,riU e Z,'4 harfie ? le ,l,the pfB8ant lnducte 8 ^"aeable lithium battery; a rechargeable 

rackel-anc. battel , rechargeable xlnc-oxygen balta^ and a rechargeable bromine-zinc battery. 

nrroN< 



BRIEF DE3CRIF 



I OF THE DHAWlNaa 



-^I" 3 1 b ia h i 3ma,fc * tpla " aIO ' V * i8wlor »»W*fl a Positional relationshb between an anode and a cathode 
n^idiareopposfe^arrangedh a rechargeable battery. camooa 

FlQ - Z j, a s*«'rattecros9.se«lonal view tor illustrating an example era state to. fines of electric force Generated 

upon operating chewing, when an edge portion * an anode b p«lt^ed habe a cathode fn a reSa^ bSry 
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toTSK S2^^!^ ^ f0rC ° h 3 ******** P«^d with said anocfa. 
pro^TfrSSn ^ cross^cnal v»w illuming an ^amplo of a rachar^aabfa battery according * ■ 

RG Tte&S ^ 7*2? ^ ***** * tha ttchartgeeWa battery shown In FIG 4(a) 

PIG. 5 tela schematic explanatory view lor Illustrating a poedional refefjonshto tahmm *n An «te atJ< « 

* rjfe'EE ,n fl T^ 6 68,19 * ^^^^ ^ 

v^n L!^. eXpC,l ' n8ntSl feaU,te * * tonde,K y «* IKotine o( a rechargeable battery to chance 

p£ s aTJL^ 9 " ,h9 ^^^^"ce «id theoathcde's edg^ode'sedged*.^^ 9 
F S lb A <^^*» view niu»g a sUgle-byer system^ mohargeaL battery. 

FIG. r 18 1 schematic cre^secrtonal view Illustrating a sphai-woimd cylindrical, rechargeable battery. 

DSSCRIPTloLi OF THE |NVENTJQjj| AND PBPPBBten EMBODIMENTS 

DrJIf^U^T,^^ eC !° mp " 8hed *■« 60 A"* 1 ^ trough expemiental studies by (he 

rxesent Inventors In order to attain the above objects. . • 

Descifpttaji will be made oi the experimental studies conducted by the present hventore 

vunnw Ka^nT'^ I k ^"Jf" wafl obtained a knowledge that the dendrite generated ai the anods upon the charging 
wouw be ofanlenhaneed magnitude at its edge portion where an eleetriofield la liable to centralize 

Based on this knowledge, studies were made of a rechargeable battery In which an anode and a cathode are 
opposfley arrahged such that the position of the former is deviated from that of the latter. " ' 

™£ JJuTIlr* T" ** NIUStra,inC 3 V*™* 11 * retetiDnshi P an anode and a cathode which are 

rachar S eaWa a*** 1 , an anode 500 electrically connected to an anode terminal 506 
(that te. a pow* outpiittlng and inputting terminal for an anode) and a cathode 502 eleclrcally connected to a cathode 
roTiT H P ° W8r ° Wpl,tlin9 3,1(1 lnpuWn 0 teTO}nal ,or a « ath « te > are arranged in an opposite positional 

The present Inventors conducted studies o) a case wherein the anode 500 is deviated from the cathode 502 towud 
a left side direoitoh In FIG. 1. 

FIG. 2 shojrs an example of a state of the above arrangement In mat an edge portion of the anode 500 i3 deviated 
from the counter cathode 502 in the left side direction, whoreh a state for Ikies of electric force generated upon iho 

• charging is shown. 

Now, wtt inja rechargeable battery is dedfcated for the charging, the anode side thereof le made to have a negative 
potential and tNe cathode side thereof ie made to have a positive potential. Therefore, upon operating the amino 
taea of sites le force are formed such that they are directed toward the anods from the cathode. In this case, if no 
displacement rs present in Ins arrmgemant of the cathode and anode, lines of electric force are basically formed fn a 
Uniform efale - 

_^ However, Irl general, there la a londency for lines of electric force to centmfcre at a protrusion d en electrode 
Therefore, ev iri In the above case, tho lines of electric force have a tendency of centralWng at an end portion of the 

* "*^l"}w a <x™>b represent In tho arrangement of the cathode end anode which are opposite* arranged, 
the foes of el dec force en , not uniformly formed. Particutarty, in the case shown In FIG. 2 wherein tho anode is posl- 
lio^todaw, rtdrnsldethe worrier cathode, the fines of electric force are formed such that they arc cantrafeed atthe 
anode's edge situated insid» the cathode. . 

By the w « In general, an electrode (that is. a cathode or anode) for a rechargeable battery is farmed through 
procasstig indlubtng cuttrj . Because of Ma, the electrode obtained le often accompanied with protrusions such m 
pouted porta i dr angled po lion at the side ends thereof. Such protrusion will be a cause of making the fries of electric 
lorce to centn illfe at the pr ttnision when the electmde is used in a rechargeable battery Other than this, aa for sn 
electrode use l.h a recharj eabie battery, mere is an occasion to the electrode to ba bent In the fabrication of Via 
rechargeable battery, where n the electrode bent Is liable to have a portion with a small radius ot curvature. 

Fiaa. 3(a) arid 3(b) are e shemellc eroe»<MxrrJcnal views raepectivefy Illustrating a shape of an eleetricalry eonductVe 
edge ponton e fdn anode en i a state for lines of electric tome in a rechargeable battery provided with said anode 

^.Ur^ I *^* rt ffDm R<3- 3(a) ' even n 6380 ^ K 90 et, BB portion ot the anode 500 situated melds the 
ttahode 502 It nttaceompe filed by any pnotrusbn. lines of electric force formed are llaWe to centrafized at said edge 
portion. In the sees of FrQ. J (b), the anode 500 has an edge portion projseied toward the counter cathode 502. In this 
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SZ to SLtT^ "L & GdQa ^ d an ** » « ^ inside of the 

an anod9 ' a * an etectrofyte 

I '^^sable batu>r y becomee to have a prolonged battery llfetkne. 

l^th^^ b decomposed upon the cha^anddte- 

' X ^ u ldCtr1C t0rC8 «»«^P<w«nted from cantraliringatlhe edge portion <* the^xte 

prekht Inventors obtained further finding vuhich vA}\ be described below. P«rTOrrnanco. 
e at °y^awable battery, 0 rs desired tor the anode (wMcn is oppositely errands* to the cathode) to have 

Tr ^ I ^ Plane - **** ,hS fi8,d te P r0Vertdd *«™ centreing at the edge 

aW end the recharoeaWe battery becomes to have a prolonged battery Iffeand an *JLJi!£ 
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disposed la 
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FlQ.5ls.£ 
102 rna 
portion of the 
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to ^ di3,an ^^. Ween *° 11058 01 *° anode ' e P° rt,c " «* cathode", edge 

£StSS tMmW> me Cath °* ,hS anod0 ' *• ,tetd « effective^ pr^M 

ijkttfen. a is feelnd tor ihe anode , 0 be assignee) to have a greater wWth ^ leng* than mose of the 
*1 "l* 1 ,he * t P"* "y 2 <™» «.more over the square wot d the own tor the square of a possioning 

^< and tho square erf a pecrtenrg error for Iho oathode. In this ease, there are provided advantages h 
ptoduTed 8 ^'* "a"* can be efficiently eondiwted and a high performance rechargeable battery 
^Invention has been accomplished based on these findrigs. 

Ilstttng. Iho rechargeable battery according to the preeent invenllon will be described with reference tolhe 



of !* a "]^ "oes-sectsnal view illustrating an example of a rechargeable battery according 1o the 
X_ te 9 scbematlc cross^ectichal view for illustrating a dimensional ralatlcnshto between the 
irtode which are oppositely arranged and their positional relationship in the rechargeable baltety shown 

fa] 



i rechs rpj 



j) and 4(b) reference numeral 100 Ind totes an anode having an insulating or semiconductor material 

^ a l d 9 9 ' "™<** 102 a cathode having en insulating or semiconductor meters 

jr the anode a edge, reference numeral 1£H an etoctmlyto solution, reference numeral 105 a separator. 

istei 106 a power outputtlng and inputting terminal (or an anode tormina!) electrically connected to the 

*» I, off? ""T 8 / 8 ' 1 ^ a P ° m ' outoutt "'9 and i"P"teng terminal (or a cathode terminal) electrically con- 
she fflihode 102, and reference numeral 108 a battery case. 

L^* 5 e ^^^ vi ^ tof llll «^n9« PC^fona! ralatim*lp between an awde 100 and a cathode 
Kf^H^ 100OTd ,hecaIhoda 'Ma»«PP*»aly arranged euch that the edge 

«bde B situated outside the counter cathode In such way ae shown In RQs. 4(a) and 4(b). In Flo 5d 
aahce between the cathode and theanode. 

^fmmFIGs. 4 (aland 4(b) and FIG. S. in the present invention, the imerrelatidn between Iheanodeand 
ddelgned such that the sfreof the former is neater- than that of the latter. Particularly, in order to reduce 
3? H!-!?! P0rti0n ^ 813 anod8, * me anod8 00,1 catf "°* arranged to oppose to each 

if to*"*™ 1 1 ° * 9 rtatef ""a" >"« ot the cathode such that Die cathode's picture plane 
id onto the surface d the anode Is situated within the anode's plane, 
'(piously described, anyoftheconvaMicnalreehargeaWellthiumbanefy, rechargeable nickel-zinc battery 
1 3 ^ n ^ 9 2: and r6cn8, « tebte bromine. Z hc banary has such problems as wlllbe described In the 
i w htftefr fabrication process, protrusions such as pointed portion or angled ponlon are liable to occur 
notcmythe anode 001 ^lode; and the electrode actke material of not only the anode 



8 PM (Eastern Standard Time] ' SVR:USPT0-EFXRF-6/44* DNiS:2738300 1 CSID:612455-3801 * DURATION (mm* 



:10-22 



12/19/2006 ks?< 



HSf*L, P.C. 



PAGE 36/63 



but also the 
wtatdoiheariodi 
current donp 



battory jejrformanci 
However, 



16 



zu 



iiconcjjcii 



C33I 



aWa batter} 
cathode, an 
d being 
dteeharge r 
ot lithium 
prevented 
tti9 subetan 
anode is s 
Thesu 
Of som 

In the 
an atecrrocte 
stectrode 
the anode. 

FIG. 6 [6 
when thedlflai 
Partlcutertvj, 
present frwerf 
distanco 
Is longer thai 

TTio 
lifetime in 

In the If 
(that la, C= 
I la variod to 
Based or 
rechargeable 
such that the 
distanced 

Ohai 

Now, as 



oppose to 
occurred 
fabrfcatjon 



each 



40 resufting roch irritable battel 



6S 



ducinga 
problems are 
Inlhe pi 
stance, the 
length are 
• andtheequam 
for the arran 
prevented frcrh 
belteriss which 

In the 
fabrication 

TTierecha 
nickel-zinc oat 

(fn (he 
mine*7Bic 



folk wli 



battrry 
In anycaep, 
contain fomi^ 
a torsion matte r, 



PAGE 36/63 ^ RCVD AT 12/19/2CW6 4:57: 



6P0G90520A1 



Jor m5? MCh 01 C ^ ade ^a^™™ an area of a cover coat composed of said hsuiiling 

i^^!!! ^ 1hB Cam0d8 W anoda > does ** ^ «ver 00* thg araa of 

9,0 ■ n0 * «*•«'«■* *M-<*«w area. This means thai the area d (he 
■rfOco substarrbally functions as the cathode or .he ar^ expends I he substantial area of the Shci » 

.te^^^^f^ ? a t9nd9ncy "* *• ■»•"»» a rechargeable battery to change 
™ b A ^T^!l ano ?:^ h0,le dtaan « ^ anode-e edge-cathode* edgedislanee I varied 
^fi^*^ 1 Ra « *» a "etlme curve lor rechargeable batteries, which was obtained by the 
S^^^^T!"* d MiCatBS a d,8tanca b9tW9an *» *»deand cathoda. < indicates a 

i CU ti"^^^° r JIl a ' ,m0t Wh8fl,h9 ^S^ 16 ^ reach^ a prescribed 

imn to fhe ratio ((«• d)AJ) of tha distance (t - d) to tha distance d 

i!^ 'I 03 ' 6 ' 9,0 llf6ti,T,a 1 "* ien 1h0 "n 0 *" 9 "Wlo Harmonized with the cathode's edge 

5£ SfST 'iS"^^ 88 ^ !£ inww ^ e f^^^toWained^enthedlstan» 
w aj. 4d, 5d, 8d, 9d, tod, nd. and i2d are plotted. 

lb Otokm eurve shown in na 6. mere was obtained the following finding. That Is. In order to make a 
otfteiy to have a prolonged battery lifetime, ft le desired tor tha anode and the cathode to be arranged 
shortest distance between the anode's edge and the cathode's edge is preferably 5 tines or more the 
M « irora? 0a8l ° d9 ^ *' ( ' ' "** iS 4ofmoro) or(tlemorB PWerably 10 times or mora 
to electrode arrangement in a rechargeable battery wherein an anode and a cathode are arranged to 
Jthar, fcsomewhat differe at a certain extent in each rechargeable battery produced. This is unavoidably 
of aposittoning error in the fabrication proceee. However, because of such positioning error in tha 
\??Z m be eomlrtime8 "ttW H BUJ a defedive rechargeable battery is produced or tha 
& fcttwies ara varied h terms of thetrcharging and discharghg cycle life. In the case of mess-pro- 
M <)ccurrad aerMBament * *° ca * 1ode 6nd arKxfe ^refully conducted so that these 

Invention^ocwfonca ef eudi problems can be prevented by the following manner. That is, tor in- 
to designed to have a greater width and lenfjh than those of the cathode such that said width and 
»/ 2 limes or more over the square root of the sum tor the square ol a positioning error for the anode 
a positioning orror tor thercathode. Aocortlng to this manner, rf a positioning error should be occurred 
intofifte cathode and anode In the fabrication process of a rechargeable battery, the anode's edge Is 
mg positioned maida the cathode. By this, fl Is possfcfe to mass-produce high quality rechargeable 
cjrenol varied m terms of the battery performance. ^ 
tag, desertion will be made of the rechargeable battery according to the present tivention and the 
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reUulin 

lifetimi 
d,ai 



bo we' 



beciiuse 



rechi irgaabl 
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greiitirbygl 




tbeeof. 



! battery according to the present invention includes a rechargeable lithium battery, a rechargeable 
Bfjy, a rechargeable rsnxaygen battery, and a rechargeable bromine-zinc battery. 
Wiethe rachargeable njctel-zinc battery, rechargeable zinc-oxygen battery, and rechargeable bro~ 
will be occasionally oolledtJvely rafemjd to as reehargaabio zhc serlas battery.) 
la due ^should be rnade about the constituents of the rechargeable battery so that may do not 
, uJt^!^ 0 ?' ^ * ^ ,e * ar 9<« bte limiumbansry. if te constituents contain water as 
r. said water resulte In chemically reacting with the lithium in the rechargeable Mhium battery, wherein 
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performance is eomotimes remarkably reduced. 



cath ode generally comprises a cathode collector, a camode active material, an 
n ** agent 

f, the cathode id usually formed by disposing a mixture of a cathode active 
y and a blndhg agem on a member capable of serving as a cathode collec* 
otec fealty corwluctlve auxffiary can include powde 7 or fibrous aluminum, coppe r, 
and other than these, carbon blacks such as KETJEN BLACK and acetylene Week: 
The o/nd|ng agent is desired to be stable for an electrolyte solution used as tho electrolyte 
; °f 8uch bindJng agent in the case where a nonaqueous series " ' 
ftiwlne-ccrrtdinfng resins and poJyofefines such as p^strafluoroethylene, poryvtnyll 
at ^ytene-propytene copolymer, and etriylene^ropyleneyilerw^eipoiyTTO 
re examples of the binding agent In the case where an aqueousseries 
coftytoeoe, and poryamktee. 

coDeetor serves to supply an electrio current so that It can be efficiently 
conckjctlng the charging andctaharging or to collect an electric current garaw 
constituted by a material which has a high electrical conductiviiyand 



electrically conductive auxiliary, 

material, an sleet rrcalry ccr> 
or. 

r, nickel, stainless steel and 



electrolyte 



> poryvtnylldend fluoride, 



electrolyte solution is used are pofivlny I 



xneumod for the electrode 
current generated. The cathode ooiledor 
is inactive to. the battery 



Tho mate rial by which tho cathode collector ta constituted can include Mr. Tu Cu At K 
ol Ihe se metals such as stainless steel. 

cathr. daoonectormay beehaped In apKte-litoform. toMkcform, mesh form, 
J term, or expanded metal form. 

a; forthe'eathode used n the rechar^aablezin^oxynen battery, a ecmprisos a 
r< patent. 

Deecr<pfltjn will be made of the cathode active materiel, usable h ihe present Invention 

active matonal la different depending upon tho kJnd of a rechargeable bat ery. 
sjctwe material In tha case of a rechargeable lithium battery: 
« active materiaJ in the case of a rechargeable lithium battery there is 
tlon metal oxfdea and transition metal sulfides. The metals of those 
suffldaa can include metals partially having a d-shefl or f-ehell. Specific ex&i 
adlnolda, Tr, 2r, Hf, V, Nb. Ta, Cr, Mo, W, Mn, Tc. Re 4 Fa, Ru. Oe, Co, Rh, Ir, 
Cr, Mn, Fe, Co, Nl and Cu are most appropriate, 
ia actrve malarial ie desired to be comprised of any of the above transition 
which Is Incorporated wfth Rhium The tthium-containing cathode actrve materiaJ i 
manrterof obiafning a transition metal oxide or transition metaJsuffide using lithium hydroxide trlHh 
by a manner of providing a mlxjure ol a given transition metal oxide or 
hydroxipe, lithfum nlrate, or lithium carbonate capable of being reaoiry 



* thermally decomposed, 



in a rechargeable battery, 
solution is used are 
polyethylene, poly. 



V, Au, Zn, and alloys of two 
porous form-lika sponge, punch* 
cathode collector, a catafyet. 



usually used a compound 
transition metal oxides and 
of such metal are Sc. 
Ni, Pd.Pt,Cu,AgandAu. 



exanpfes 



ffma\ oxides and transflion 
may be formed by a 
ium salt. Alternatively, 
transition metal suiiids. and 
andsubjedlng 
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1/vefy prevent 
anode and 
incomousifb) 
ot the safety 



^?^^^ Bn ^ a ^ 9 canttoda, and rt s e^ 9S to prevent the anod^ and ffte cathotte 
inMftMofe inaddrbor, the separator a too serve* to retain the electee eolation 

reauliL^^^!^ 8 "T™ C9pab ' 9 * * ,,0Wfn 9 Ion c zlnclon to paee thareihrough 
required to be ^soluble Into and stable to the electrolyte solution 

^ ^ * 2^ en fabrfc * a ™™**<™ having a micropore structure made df 

™^! % ' "^tal^S or polyamide. Aherrratively, the separator may be eonstt- 
SSSZZ? ? wnh * ™ ,aJ «** raspecweiy having a plurality of pores. In a 

* r^!!* Brat0r * cone,hut « j b y * ™ltitayered metal oxide film. In this case, the sepaSoTeffec- 
th ° re0irou * 1 and b&caU5e ^ this, occurrence of Internal-shorte between the 
w e T rabbr pr0vented - anoth * P***" 1 * «^od^nt, the separator ie constituted by an 
tolnwontafnhg resin, glass or metal oxideflfm. In this case, an improvement can be attained In terms 
even fn me case where such (ntemal-shorte should be unexpectedly occurred. 



from eufferb g from {niemaJ-ehorts. 

The separata 
and it Is alet 

. The 
glass, polypropylene, 
tutedbya rnstal 
preferred en bodlment, 



ELECTRON IE 

In the present friventkxi, l 



in a solvent 
obtained 
so retained on 



Ilia 



eleciroiyte 
olyia usaJ 
leclrolyte 
i Lews 



that the eleclftcai 
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In any 
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Jruxide, 



in the case of a rechargeable one series battery 
aaiva material in the caso of a rechargeable nickel-*™ battery, there.is usually used nfckel ox* 



The high >r the electrical conductivity c 



^'~7~ J ' "J?* can be used an appropriate elearojyte as I ls r a solution of said electrolyte dissolved 
rnetertelofsaldeorution having immoblltadusingaflew^ 
by ^solving an appropriate eiectrgryte in an solvent is usually used in a way that said electrolyte solution b 
separator. 

of the e lectroJyte, the belter. Particularly, rt ts desired to use ouch an electrolyte 
conductivity at 25 a c (s preferably 1 x 10-a Sfcm or more or more preferaby, 5 x ir>* sfcm or mom 
. te used is dJfereni depending upon the kind of a rechargeable battery, 
usable in fre case of a rooharaoable nthfcim battery: 

>lyte usable In this case can include morgan* acids euch as HfiO* HC| and HNOk salts of U* (lithium 
'!!ltoJ!t " ^ Cl ° 4 " CF3SOa " " ** Ph ^ 9 mixtures 
Owe isupporting eteotrorytas. salts ol the above described Lewis acids ions with cations *uch as socSum 
Ion, tetraalkylammonrurn-pon, or the lUco are also usable. 

JJll 8 ^^ ^l^!?^*! '* ,hey are 8L * iectGd 10 Oration or deoxygenation. 

t|y way of beet treatment at a reduced pressure. . 

Fhichthe electrolyte is dissolved can Include acetonlrfle, benzonftrlle, propylone carbonate, ethylene 

carbonate, diethyl carbonate, dernethyflormamide, tetrahyrfrofuran, nitrobenzene, dtehbroethane, 

Wnnaltaiy^Bnft, chlorobenzene. rbutyrotactone, doxdan, suffofan, nitrometane, dimethyl 

oode meihyf formate, 3-methyW-oxdazolydlnone, 2Hfnethyltetrahydrofuiafi, ^ropyteydonorte, sulfur 

>ryl chloride, ihtonyl chloride, eulfuly chtorlde, and mixtures of two oTmore of L 

eofvonts, rt is desired for them to be subjected lodehydratton using acth^ed atumlna, molecular sieve 

I WDteoinde. or calcium chloride, pnor to their use. Alternatively, it is possible for them to be subjected to 

avi Biosphere composed of inert gas in the presence of an alkali metal, wherein moisture and taretan 



The solve tt in which the etectrolyte 
carbonate, diiiethyi 
owlhoxyelhajig 
suffWe, drnsnf yl 
dioxide, phpei horyt chlbride.' 

As for mesa 
phosphorous 
distillation In 
matters are 

to order, tc 
gelatinizing aojsnt 
The 

of the g lectrc^e solution 
polyacrylamldi 



i en 

renovod. 



gelathrzhg agenl 



prevent leakage of the etectrolyle, it is desired for the electrolyte to be gelatinized using an approprteie 

usabte In this case can include polymers having a property such that ft absorbs the solvent 
to swell. Specific examples of euch polymer am polyethylene oxfde, polyvinyl alcohol, and 

The electrfcjyte usacte in the case of a recharp^ble zinc sef les oattary: 

electrolyte usable h thte case can alkalis such as potassium hydroxide, sodium riydroxWe, iitnium hydroxWe 
horganfc salts such as zinc bromide and the like. 
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9ab i:^r en,bete9O0,,he **** " "» ^^b.g^^an^^ 

polyacryfeZ^^C ^ar^ ^ ^^po^^ona^, pcryv.nyl atechol. and 
COATING FOH ELECTRODE'S EDGE 

DeGcrtpticn will be made of the coating tor the anode's edge 

60&X ^T' 9 " 9 ™ mate * 11 0r a material can be 

TZ^Zf}^ Wtl ° re,n 8 llqulfl w a «"*« ria ' <" Pfovldlng an insulating film or a 

*"K"duc*» ifo bapplleo by meant of acceting means, (c)a deposition process wherein • .liquid cram 
.^«pabteolp^h9an ir.utet^lih.oraserrto^ctorfllrn decomposed locause^eS^TaTm^ 

- Sr^o^^T^ ^ m ^^^<*-* * Into, the coat formatter, can conducted felonry a 
SgtSSSSnS? '^matter <a course that this selective coat formation cart be conducted without 

Trie foregoing coating process (a) can include screen printing process, roil coating process, db coat™ process, 
spray coaling process, electrostatic coaling process, end electrocoating process. 9P ^^ 

The foregoing deposition process (b) can include thermal-induced CVD process, and plasma CVD process 

The foregoing deposition process (c) can include sputtering procese, electron beam evaporation process cluster 
ran beam evaporation process. 

Description will be made of me insulating faim and the semiconductor film. 

Either the kwufatlng f llmcr the semiconductor film may be comprised of an appropriate material selected from the 
group conefettig of stable organic hlgh-molacular materials, metal oxide materials, and orgaric-inorganio composite 
™^ C ^?TT m0ra0f ** i ^-^l^r materia* one « more of said metal oxide nMMtth 
are mtcBssohred in (he electroryto eoluttn and are no) decomposed upon the charge art decharge reactions 

Specifically m the case of a rechargeable lithium battery in uhich a nonaqueous electrolyte solution {that is. a 
i^^?^ iS '«•*»■■**«** the organic high-molecular material car, include poly- 
10 2£V^L ^f^ J P0,VProPylan9 - nnd *" ""^ "-"Containing resine, and sifieone resins. Other than . 

P °l mare *?■ 3,60 U8abl °- °' ,ha86 ' ^-"-containing resins having an ether linkage are the 
most appropriate because ihey excel in stability and can Be readily appSed upon the coating 

As far tho high-molecular materials whfch are not creeelinked It la desired for them to be crossltnted uslna an 
aPPW-ate crowlmking agent Specific examptea of such crossllnking agent are diisocyanatos. polyfeocyanate prepol- 
£ ^r^f*^^ °J ,n «P eraddes ' Payarrtnes. oximes. ritrosocampounds, sulfur, sulfur compounds, sale- 
rrracflatlng of radiant-ray, electron beam, or ultraviolet cay. 

,r. In fhS ^ a l° ,a ^Wable zinc series batten in which an aqueous electrolyte solution is used as the electrolyte, 
therecar ibe also used those not croesiinked of the above described water-hsotuble Wah-moleeular matorfeb 
j ta ^^T n l^ ^ °* n inClUdS " ffl<a tflanlum CBdd8 ' ^"a- 2irooniu ™ cocide, magnesium oxide. 

^ a ^^^T C Sl'I!T ta, :^ tta ' Ib1Qxid0 - *™ chromiumoodds, elumrtumphcs- 

pnate.cfon phosphate, silicon phosphae, and mixtures of these. • 

^llfTf* 3 Of*. o^ 0 "" 0 "* 0 ' thwe metal 0x109 matef «'» are mixed wfm one or more of the above described 

' o^«^£S£^ °" dB ^ hS «^*^ scl-gai^stormadon procese. ,„«. 

ofl «JfcUta.^t4 P l! 0,, ^ ,n il^^ 0 '!^ 9 0061 <« m P* ln 9 «" ""sulallnfl or semfe^ductor material) therefor. It Is- 
poeatotetosulHectthearKxte'sedaeroeurta^ ^etc Irratfattoa 
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the adhosion of f»lKS^2?S • "?° C ° Uplm9 ag8nt w tltenlum «*P^9 «8«ni In this «», 
Theatre daL^Sr £ ft* 1 S h '" W8d sotha,th9< » a ' is nardfy removed (ram the anode's 

' ^ nim or a semiconductor film In the same manner as thai tar the anode's edge. 

SHAPE AND STRUCTURE OF SECONDARY UTHIUM CELL 

10 ^ZlTJ^fT " mteti0n to ,h ° *** * ,he «*"B«** battery according to the present kwentkxi 

JXJ^*"^ ' a r^ciangular pr.errtetfc ehapa. or a aheit-Mke shape. In Ihs S^^Sf^ r^ha^Sbl* 
battery la ehapad In a spiral-wound eyttidrtcal form, the anode, separator and cathode are an^JedTnTe ™Z,%Tl r 

^Ll * cumfA oarbeflowlu P°" operating the charging aid dtecham™ In the case 

IZZIT* ^ZVt^"* " ShapeC " n 3 reCten ^ r there Is prated an advanrage In tonhe 

spaced a device tor housing the rechargeable battery can be affectively utilized. B»m ratine 

.JXZ^SXSSSST^ »-opt^madetobeof 

h a »«T a l!!l 6Cl ! fl 1^ tte cna * W9eeto "' al vtew "'"Stratlng an exarrpleofaslngle.layerstnirturatypeflatrecharoeabte 
^a^ ^ pwsni invention, fig. e la a schematic cr<^edionai v£w inuetratins^n Zr^Jl ep? 
ial-wound eyffndncal rechargeable battery according to the present invention. P 

a «S ~ e I! ne u.2 Umera ' S0 °^ teate9 «*eior. raference numeral Ml an anode applied with 

ni^w^ * SBn *«* uc, °' ™««« « U» edge (hereof (this coat » nci shown), reference 

numeral 303 a cathode, reference numeral 305 an artoda terminal (or an anode cap), reference numeral 306 a cathode 

toZlf'tT nv ™"**" 8 89 P aratw a " electrolyte (or an electrolyte solution), reference numeral 310 an fcsu- 
tefrig pacKkig, and reference numeral 911 an insulating plate. 

* .hT-^fT 9 ' ^ff °? 303 to 3,80 9pplied ^ 8 0061 «*"posedof an fcwuttingoreemiconducior material 
at the edge thereof (Ih la coat is not ahown). 

• iJ^Z^^" * 8 r8d,a, 3 eable batta V <* «he configuration shown in FIG. 7 ot Fia. 8 Is conducted, for example 
m the following manner. That Is, a combnatton comprising tho separator 307 intarpoeod between Iho anode 301 and 
aieeanodami la i poeltfoned in ihe cathode can 306. Thereafter, the electrolyte Is introduced thereinto. The resultant 
oaseembted wtlhtheanod8cap303andthe insulating pacwng 3io, followed oyeubjeetlngtoeaufkhglreameffl Thus 
there a otxafned the rechargeable battery. 

^J^L^"^^^ " jr,Etftu f" "Btertals tor the rechargeable lithium battery and the fabrication ol said recharge- 
able battery are deeirad to be conducted r a dry air atmosphere free of moisture ora diy Inert gas atmosphere free of 

As i ihe constfUM ol the Insulating packing 310, there can be used fluorine-contorting resin, pofyamide resin, 
polysulbne resn. or various rubbers. The eaeJmg is typically conducted using a gasket such as Ihe insulatkw packing. 

waSriri ** a ^ * 0B " 69 C0ndtC,8d * ™ anS 01 9 tea9 """"ft sealing. «eHln5 

Aa theM^tlftjent of ihe Insulating plate 311 she™ in FIG. 8, there can be used organic resins aid ceramics 
Any of the cathode can 306 and the anode cap 305 can be constituted by stress steel, iltsnlum cladateel, copper 

clad sleel. or nickel-plated ateoL ww,«jppor 
in any of the configurations shown in FIGa. 7 and a the cathode can 306 Is designed to serve also as a battery 

casing. In the case where a battery casing je indapendently used, the battery casing be constitute oy a m S tal 8Ut * 

ptaJfa a " 88 6t8at 8 Pla8,le ""* 85 f***"™*™. or 0 """P^Ho oT a ma*j or glass liber with 

^ZZT^IT^T*- 7am,e - * " 19 vent many of 

w il*!,^^ 1 * a P^.' ^^n wiH be described In more dstal with reference to examples, which are only ' • 
tor ftistratlve purposes but not intended lo restrict the scope of the present Invention to these examples. 

Example i 

«*JHr T^?"** Wharacable Ithium batten/ of the configuration shown m FIG. 7 in the following mannsr 
Formation of cathode: 

Electrolytic manganese dioxide and lithium carbonate were well mixed at a mborig rette of 1 .- 0.4. and the mixture 
obtained wae aubjected to neat treatment at 800 »C to obtain a llthium-manganesa oxide material. The llthiunvfltanga- 
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app«*d ,o the SS^SS? ^ Fate C0 ' 'J [*> h an «™ o' » <" xylene wa* 
procedures were repJXZZfll Tu^X^^Z^T^ «*■ 
crosslink and hard*, the f.uororeein Z SSlKSS!^ aM7 ° * C ^ «■■"» P~- to 



Formation of anode: 



v* n ,^,h D t ^ ™ m f °" *" irnmafB9d in 3 5% P Dtafia,Um aqu 80U6 solution tar s mhuZ 

£T f t^lff ^aluminum toll was etched. The aluminum toy thus tre^ Www deM^ed^^Z^d 
boprapy I alcohol, followed by subjecting drying under reduced pressure ^ using acetone and 

duo*? JSoKSSST! EST 0 *"* 8 P ° Wd9,y nUCroreS ' n P*" 1 ' sup E"KONACK trademark name; pro- 
^Ke^p^^ 

Thus, there was obtained a anode having a fluororeeln coal at the edge thereof (hereinafter referred to a* anode), 
Preparation of electrolyte solution: 

2$ 

mJ^T** prCV ^ 8 mixed exposed of ethyfene carbonate (EC) and methoxy carbonate 

there was obtained art electrolyte solution. 
50 Separator: 

■mere was provided a 25 urn thk* pofypropyteoe member provided with a number of small pores ae a separator. 
Fabrication of rechargeable lithfum battery: 

SSSXZ !" Cfflh0 ? e; ""' * e fe8U,teM «•» a cathode can made ot Itanium 

™ JSJ^JST- iST*? 1 ?' Wtl0n ^ rjeoted int0 *» caIh « te ™e resultant wee sealed using an anode 
« WiTatttlJy ^ rnSUlalin9pf,cWn 9 "*de of fluoro rubbor. Thus, the* was obtained a rechargeable 

Example 2 

« FrJ^ T ""fT!?^ rechafgeobte lithium battery of the configuration shew, in RG. 7 h tho same manner aa In 
« Example 1. except that the eshode and the anode wens foimed hi tho following manner. 

Formation of cathode: 

9 <*J^'y e T, 9 "?.!!?! 3 ! efoXitte Sthium cart5Qnate «■» mbted « a mlxmg «t* e» 1 : 0.4, and the mixture 
™ rS^SK ° C W 0btain 3 m *»-™"e*««> material. The IhhhrrJ^ 

a,«^f well mixed wfih powdery acetylene black in an amount of 3 wt% end powdery polyene 

fluoride . man i amourn * S wi%. followed by mbcingwllh N^thyW-p^oMorie. to thereby obtain a padaXLucT 

F^rmafion of anode; 

There wasflretfyprbvt^^ 
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Du Pmt CcmSw" »a£L2 552* .r^T flUOroresr r6Sh TEFLON AF (trademark name, produced by 
coaler !^ * ? in *" » «*> aJumlni-n fan* edge by mesne of a JZ 

^1?'J^?!2 ***** «» P«aernhg mask «ss detach*!. The resultant was auWadedta h*^ 

Thus, them was obtained a anode having a fluoromein coat at the edge thereof. 
Example 3 

E^le'l ZK^T^ 1 ^ battery of the eonflguntto shew, h HQ. 7 in theaama manner as In 



Example 4 



eJ^i T^?** «hlum battery of the configuration shown m PtQ. 7 h the same m,™ as * 

!£. 9,8 formaUcn * "^^^ 00 coat was formed at the edge of the aluminum f« 

** Comparative Example 1 

fJIZ.^™! 9 ' e * a ?!f bte , lithil, ' n """""V <* «• ""tiguiaBori shown In FIG. 7 tn the same nw.r»r as In 
Beampte 4. except that the size of the aluminum foil for the anode wae made to be the same ae that of the atumnum 



toil for the cathode. same ae.that of the alumhum 

Examples 



There was prepared a rechargeable nickel-zinc battery of the configuration shown h FK3. 7 in the following manner. 
35 Formation of cathode: 

^ ™i* ura <*P 0W ^ ( y "fc k °l "Vtfoxide and nickel powder was well mixed with csrtx^ymethyleelloee as a Hiding 
!!l ^. mD ? 19 T m pure waler ' toob!aln apaste-Bko produet And a teamed nickel eheet CEILMET (trademark 
name, p^dawd by Se^crno Etertrte Industries, Ltd.) in a circular form was filtod with the pasted product 
« resultant wae driod. followed by subjecting to press treatment Thire, there was obtained a cathode. 

Formation of anodo: 

« «JISJ!rK^L?2^ B f ^ P T hh9m ^ m ^^ edc ^ h ^ n 9 adi ^*v*fchi 3 l.3mm 
« greater than that of . the feomed sheet used In Bio cathode. 

kn a iSS^,M^J^!r 9 B ^ ^ d Zl " c ' nd * lr * 0xifle P°Vvfcyl alcohol end 

SlrTSTZ 5" Wb,eC,h9 W pflWS6 '"a""" 1 '- Thus - «w» ^ a ««VOsite mombsr. 

fT^T 9 !?* 1 ' " Wln " appllad 10 «f« edge of the composite member by means of the . 
™<T S ™hT ^ 8UbiaC *? hGal '"a™ ■ 160 «C to harden the epoxy reeb coat formed at the 

compos fie members edge. Thus, there wae obtained en anode. 

Electrolyte solution: 

There was provided a 30 lithium hydroxide aqueous solution as en electrolyte solution. 
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Formation of separator: 



A micrchcaflular polypropylene film having been subjected to hydroohflic treafmenf r n™**™* fd u- , 

vssssssssssisssss 

oMOO um aa a eeparaw bm * natod * ta namod Wef to a composite bavlnoathickneee 



of 100 urn as a separator 
Fabrication oC rechargeable nlclcei-zfne battery: 



X£?ISf2^2SL? ' eCtr °* rta S ° lml0n ,n ^ ,ed 'heretmo. The resultant was seated 

's Example 6 

Themwaspreparedareclvwgeabteilne^wyflenbaaeiyofthe^ 
Formation of cathode: 

w 

^^f^ ace * ten9 «f K < manganese dioxide and cobalt dioxide was mil mixed with powdery polytetrafluor- 

a oS^Si^T^'T' ^"^NW""©* & ^staCo., Ltd.)|^ anxxrtof Swt^hxylBna toobtern 
a paste- ike product. The paste-Ike product was applied onto theeurfac* of a nickel-plated copper mash member in a 

22 * tfry,nfll 8UbIoctin9 to heal frtabTOn ' 31 170 ' C t^or^cWUvre to tartan to 

coating famed on the surface ot the nickel-plated copper meeh member. T?ie resulatt was subjected to hot pressing 
treatment using a hot pressure rotter to obteii a cathode. F ^ 



Formation of anode: 



?J,^™***T S t?f?i!? , ? 09ltl0n w P^* 1 "» to " w * ln 9 manner. That is, tetraetfrwysllane. 
isopropyl alcohol, water and hydrochloric acid were mixed. The resultant mixture was heated at 60 »C to obtain a 
sol quit Wththe sol liquid thus obtained, poVE-methyi-a-oxazoline), polyvinyl ehlcride. and cyclohexanone were 
• woli mixed. Thus, there was obtained a coaling compositlcn. 

35 

(2) A mixture d powder zinc oxide and zinc powder was wel mixed with powdery rjotytetrafliroroethylene The 
resultam was applied cnto the surface of a copper mesh member by way of the pressure molding process to obtain 
a composrte (that a zmc electrode plate). The resultant zinc electrode plate was cut to obtain a circular zinc 

• ^ 0 £°rS^^ 

Then. *e coating. composrtton obtained In the above (i) was applied to the edge of the zho electrode plate by 
means of the tSp coating process, followed by drying, to obtain ai anode. 

Electrolyte solution: 

There was provided a 30 wt% Ithlum hydroxide aqueous solution aa an electrolyte solution. 
Separator: 

to 

There was provided a conwanticnnl cellophane separator for a rechargeable battery. 
Fabrication of rechargeable zinc-oxygen battery: 

* • The eoparator was interposed betwaen the anode and the cathode, and the resultant v-as Inserted into a cathode 
esse made of titanium clad steel having air access holes. Then, the electrolyte solution was hjected into tnerelrflo. The 
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Compar ative Example 2 



nickel-zinc battery. ^ composite member tor the anode, to thereby obtain a rechargeablo 



Comparative Exampta 3 



: anode, no coat was form*, at £^^^£5 Z^"!^^ ^ *""*>»■ «*• 
zlne^tygon battery. etectrQd6 P tata ,or *• anod <>- to thereby obtain a rechargeable 



m Evaluation 



cyete test. ccwucted with respect to battery characteristics mrough ma charging and discharging 

^l^yil* ******* ^ 1961 ^ conducted In 1r» tolling man™. That is. each rechargeable batten, 
T f !, a ChBf9 ' n9 flnd dteehffl 8'n9 *"** HJ-108M (produced by Vuto DentoKabuehMI K 
*argb 1 g an dell 8 ch a rglngw 8 ,e a fta m atelyrepeatedundercon^ 

nSbe^?^™^ 

The charging and discharghg cycle test was initiated by operating charging 
fth JlL « h8 ^' ng i!! t, 1 diSdla ^ na m ' as fcr *"* ^arfloable battery, there were observed to battery eaeacilv 
ffmL«3f!" 8,,) '' < T,!: V ' «« eha W pera unit volume at the rechargietSe^ to 

Charging and Recharging cycle Irfe. The battery capacity was baaed on the service capacity ato to thirdTeZa™ 2 

^l 9 ^ r8pealed un,l)tn6 ^^"Pacity beo^ne least!** 60% of the battery «2Iy 

J^f? ? ? 8ll,lB8hoWn " Tab| 9 1. »**e were obtained the following teis. that is, the recharoeable barter^ 

SSSZ^ ^ ,h fl T^ 11^^ ^ » e - * s rechargeable I tortim battel 

^SSffi!*? ^ a ^ 9anddleChar9,n9eycteB,a * -"A"*. 1, example? 

Further ;in the present invention, oven In the case where zfcc to used in the anode there can be obteinad a A»i™w n 
rechargeable battery excelling to chafing and discharging cycle life beobtamed adeerrablo 

S^Tl^^Z^^"* ™T» ^ M •» "chargeable batteries obtained In 

irra pfowea oy a conventional rachargeat** W lum icn battery in which a carbon anoda & used TnerafnrA in...™**** 

density endhas a prolonged charging and discharging cycle life. «n>cn provneean increased energy 
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Table 1 



* ; eharsintf and discharging cycle life 

Table 2 





edge coating 










cathode 


anode 


electrode size 


Example 1 


present 


present 


anode 


> 


cathode 


Exanpie 2 


none 


present 


anode 


> 


cathode 


Example 3 


present 


none 


anode 


> 


cathode 


Example 4 


none 


none 


anode 


> 


cathode 


Exaaple. 5 


none 


present 


anode 


> 


cathode 


Exanpie & 


none 


present 


anode 


> 


cathode 


Comparative Example i 


none 


none 


anode 




cathode 


.Comparative Example 2 


none 


none 


anode 




cathode 


Comparative Example 3 


none 


none 


anode 




cathode 



cycle life" of Exanpie 1/cycle life" of ConnarAtiu* > 
^ */w***c Aiic v& bvpiparaiive Example x 


2.6 


cycle life* of Exanpie 1/cycle life* of Exaople 3 


1.9 


cycle life' of Exaaple 2/cycle life* of Exaaple 4 


1.3 


cycle life* of Exaaple 3/cycie life* of Comparative Exaaple 1 


1.4 


cycle life" of Example 4/cycle 11 fe* of Comparative Exaaple 1 


1.2 


cycle life* of Exaaple 5/cycle life* of Conaprative Exanpie 1 


1.5 


cycle life" of Example 6/cycle life- of Comparative Example 3 


1.7 



* anode > cathode: the size of anode is larger than that of cathode 
anode - cathode: the size of anode is equal to that of cathode. 
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IS 



0098 ■* 5imes °" 11qre,hs dlfll a«» behraan the anode and the cathode. • 

5. A rechargeable battery aecordlnfl to any of claims 1 to * where* ih n an,**, h ^ , . L 

and length than those of the cathode such that «a Jm* «T Jk f K * nad to hava a »**h 
over the W a of JJJJ SXTElJ rfi^X,. SSfL - 1" ^ "* 2«">« or mom 

error.lorthe cathode. ^ ^"onrng enactor the anode and the square <rf a positioning 



situated Mflf* the wodefcptanT P Plane vertcally projected onto the surface of the anode Is 

^ ?^?i?ZSaS ietT r 6 match*, 
«. Arecharue.b.eb^acc.^^any o,*^ , to6, v* ere * tho^ ^ ^ a)emw7t Wzho ^ 
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•THE ANODE'S EDGE IS 
POSITIONED OUTSIDE THE CATHOOE 
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INSIDE THE CATHODE 



PAGE 52/63 ' RCVD 'AT 12/19/20064:57:18 PM [Eastern Standard Time] ' SVR:USPTO-EFXRM44 1 DN!S:2738300 ■ CS!D:612455-3801 * DURATION (mm-ss):10-22 



12/19/2006 15:40 612-455-3801 



HSML, P.C. 



PAGE 



EP 6 690 520 A1 



Fi G. 7 



300 




23 

PAGE 53/63* RCVD AT 12/19120064:57:18 PM [Eastern Standard rime] ' SVR:USPTO-EFXRF-6/44 * DNIS:2738300 * CSID:612455-3801 « DURATION (mm-ss):10-22 



12/19/2086 15:48 612-455-3881 



HSML, P.C. 



^PbG90 520A1 




24 



PAGE 54/63 1 RCVDAT 12/1912006 4:57:18 PM [Eastern Standard Time] 



* SVR:USPTO-EFXRF</44 * DNiS:2738300 * CSID:612455-3801 * DURATION (mnvss):10-22 



12/19/2006 15:40 612-455-3801 HSML, P.C. 

I I 



PAGE 55/63 



EP 0 690 520 A1 




European Pkfcnt 



EUROPEAN SEARCH REPORT 



EP 95 30 3S53 



DOCUMENTS CONSIDERED Tn BE RELEVANT 



PA JWT ABSTRACTS OF JAPAN 
Jot. US oo. m (E-11I6) ,27 Septe «ber 

* Abstract * * * 

PATENT ABSTRACTS OF JAPAN 

vol. 013 no. 374 (E-808) ,18 Auaust 1999 

lsS?" 01 128371 WeftTJ" 

■ Abstract * 

EP-A-0 077 030 (BERfiTnES CORP) 20 April 

* clafns 1-20 * 

K** CCHURCh"pETER ft £T AL) 8 

Fabruary 1983 ' 



PATENT ABSTRACTS OP JAPAN 

vdI. 017 no, 209 (£-1355) ,23 April 1993 

* abstract * 



1-11 



l-U 



THE HAGUE 



category op arm dooao^ts 

AMk 



RV wt km bn 9 «0 <Mw 

IS SepteMber 1995 



«WSBnCAIK3N or wdb 



H01M10/04 
K01H10/W 
H0lm/02 
H01W/24 



HOW 



BattUtig, H 





25 

PAGE 55/63 1 RCVD AT 12/1972006 4:57:18 PM pastern Standard Time] ' SVR:USPTO-EFXRF-6/44 * DNIS:2738300 * CSID:612455-3801 ' DURATION (miMS):10-22 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




□ GRAY SCALE DOCUMENTS 



